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EXECUTIVE SUMMARY

In order to aid Scepter Industries, Inc. (Scepter) in an assessment of the suitability of the site
surrounding their Bicknell, Indiana facility for possible deep well injection of their non-
hazardous wastestream, Envirocorp Services & Technology, Inc. (Envirocorp) conducted an
investigation of the geologic and hydrologic conditions likely to be encountered by a deep
injection well at the site. In addition, Envirocorp performed a search for deep artificial
penetrations (oil, gas, mineral, and injection wells) within a set radial area surrounding the
Scepter site.

Five artificial penetrations greater than 750 feet in depth were located within the two mile radius
area of review (AOR). These wells range in depth from 1,395 feet to 2190 fézt. The presence
of these wells precluded consideration of the uppermost potential injection interval, the

Mississippian Age Cypress Sandstone. These wells did not penetrate the confining zones for any
of the five other potential injection intervals.

The /{ ve other _polenﬁaI _I)HJeCtIOI] intervals consist of: 1) the Mt. Simon Sandstone; 2) the
Shakopee and St. Peter Formations that occur on either side of the Knox unconformity; 3) the
Trenton Formation; 4) the formations of the Bainbridge Group and the Backbone Limestone of
the New Harmony Group; and 5) the formations of the Muscatatuck Group. Envirocorp
recommends that the Mt. Simon not be considered as a target injection interval due to its greater
depth. All formation depths and thicknesses are reported in Table 3.3.1-1. Regional geologic
publications listed in the bibliography to this report (Section 5.0) indicate that any or all of the
potential injection intervals may exhibit sufficient permeability and porosity to allow for injection
of reasonable quantities of fluids. In addition, all of these potential reservoirs are of sufficient
thickness and areal extent to prevent migration of injected fluid into the Underground Sources
of Drinking Water (USDW)

The Shakopee/St Peter injection mterval in thc v1c1Eﬂ:y-9f Scepter consists of approximately 850
feet of sandsionie and-limestone. The top 150 to 200 feet \frock are likely to provide the best
reservoir because most of the sandstone 1STT(“EI)T f0-0CEUT in this interval along with weathered
and jointed limestone. The Trenton Formation consists of approximately 125 feet of limestone.
The Trenton is known to contain porosity and permeability, and also to contain oil in east-central
Indiana, in southern Illinois, and in many other parts of the eastern United States. It is not
known whether the Trenton in the vicinity of Scepter will exhibit the properties necessary for
an injection reservoir. The formations of the Bainbridge Group and the Backbone Limestone
consist of approximately 700 feet of limestone, Included in the Bainbridge Group are likely to
be reef formations that are expected to provide sufficient porosity and permeability to provide
a reservoir. The Backbone Limestone is considered to be a potential gas storage reservoir in
southwestern Indiana (Rupp, 1986), and may contain sufficient porosity and permeability to

create an excellent injection reservoir in the vicinity of Scepter. The Jeffersonville and North
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1.0 INTRODUCTION

Envirocorp Services & Technology, Inc. (Envirocorp) was contracted by Scepter Industries,
Inc. (Scepter) to conduct a Site Suitability Feasibility Study for deep well injection at their
facility in Bicknell, Indiana. The purpose of the study is to determine if the site is suitable
for the installation of a non-hazardous Class I waste injection well as set forth in 40 CFR
Subpart 146.11. Most new non-hazardous Class I wells are evaluated according to siting
criteria for Hazardous Class 1 wells (40 CFR Subpart 146.62); therefore, these criteria are
used as a standard for this site feasibility study. A copy of these siting criteria is included
in Attachment A. The economic and operational feasibility of such a well installation are
to be examined in separate reports should the site appear to be physically suitable.

The site suitability study was conducted according to the following outline:

ds Compilation of Data
A. Artificial Penetrations
1. Base maps
2. Well completion reports
3. Well plugging and abandonment reports
B. Geologic
1. Base maps
Topographic Maps
Published geologic reports and maps
Geophysical logs
Well completion reports
Well plugging and abandonment reports

= gh N g 8 T

Well sample descriptions
8. Seismic occurrences
C. Hydrologic
1. Base maps
2. Published- hydrologic reports and maps
3. Water well records
1I.  Evaluation of Data
III. Report

The following sections summarize pertinent siting information and identify those factors that
affect site suitability.
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3.0

of Oil and Gas in Indianapolis. The five wells and their depths are listed in Table 2.1-1.
Well locations are indicated on Figure 2.1-1. Well records obtained for these wells are
contained in Attachment B. All of the five wells were plugged from total depth to
approximately 450 feet with drilling mud. Cement plugs ranging in depth from 50 to 200
feet were placed beneath the coal seams at a depth of 450 feet to 250 feet. It is doubtful
that the United States Environmental Protection Agency (USEPA) will consider this method
of plugging adequate to prevent possible migration of formation fluid upward into USDWs
through improperly sealed boreholes. These wells would pose a permitting problem if any
of the wells penetrated the proposed injection zone, and if the calculated AOR for the well
was greater than one mile. '

TABLE 2.1-1

Artificial Penetrations Greater Than 750’ in Depth Within the AOR

Well Total
Well No. Well Name Location Depth  Formation
1 Clyde Wampler No. 1 Don 149, T4AN, R8W 2170’  Muldraugh
2 Mont & B. Freeland No. 1 Don 149, T4N, R8W 1816’ Salem
3 Long No. | Don 124, T4N, R8W 2190° Muldraugh
4 Chas & Eva McBride No. 1 ~ Don 121, TAN, ROW 1965’ Salem
5 Rob. & Hul. Miller No. 1 Sec 9, T4N, R8W 1395  St. Louis
GEOLOGY

The following sections discuss the regional and local geology associated with the proposed
injection well. The information contained herein provides evidence this site meets the
requirements of the geologic s'iting criteria for a hazardous waste injection well (although
the proposed well is non-hazardous), as set forth in 40 CFR Subpart G 146.62. Based on
available data, the Scepter site meets or exceeds all geological parameters for the safe
operation of non-hazardous injection wells. Geologic siting criteria spelled out in 40 CFR
146.62 are summarized below.

a. The regional injection and confining units should be continuous and lack complex
geologic structure.

b. There should be minimal regional seismic activity.

c¢. There should be no mineral resources within the injection zone in the AOR.
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The lowermost USDW within the AOR is estimated to be at a depth of approximately 470
feet (0 MSL [mean sea level]) within the Pennsylvanian Age bedrock by Mitchell and Rupp
(1994). For the purpose of delineating a definable aquifer as the lowermost USDW, the
bottom of the Pennsylvanian Age Linton Formation (Carbondale Group) at a depth of -75
feet MSL (555 feet BGL [below ground level]) is considered to be the base of the
lowermost USDW.,

Within the AOR, primary arrestment and confinement would be provided by over 600 feet
of shale and dense carbonates of the lower Mississippian and Upper Devonian Age
Formations if the North Vernon or Jeffersonville Formations were used as the injection
interval. If a Silurian or Ordovician Age aquifer were used, it would be overlain by 1,400
to 2,200 feet of sandstone, shale, and limestone. In both cases, secondary confinement
would be provided by over 1,500 feet of dense carbonates and shales below the estimated
USDW. The nature and.extent of the proposed injection and confining zones are discussed
in greater detail in Sections 3.2 and 3.3.

No complex geologic features, such as faults or extensive fracture zones, are known to exist
within the AOR. The structural geology in the immediate vicinity of the Scepter site is
discussed in Section 3.1. The region surrounding the Scepter site is tectonically stable, and
the risk of induced earthquakes is minimal, as is discussed in Section 3.4.

No mineral or petroleum resources of any economic value are expected to be present within
the injection or confininfg zones within the two mile AOR. Depositional environments
during the Paleozoic in the region of Scepter were suitable for the deposition of laterally
continuous sedimentary units, as described in Section 3.2. After deposition, these units
were downwarped and gently tilted, resulting in regional dip to the southwest.

The injection zone, confining zone, and overlying units are laterally continuous, with no
abrupt changes in thickness or lithology within at least a 10 mile radius of Scepter. The
Ordovician Age units dip at approximately 100 feet per mile toward the southwest.

Section 3.4 discusses the lack of seismic events in the immediate vicinity of Scepter.
Earthquakes which have occurred within 100 miles of Scepter have all been orders of
magnitude less than the intensity which would be required to damage a well. The closest
epicenter of an earthquake recorded was more than 10 miles from the proposed injection
site.

The following discussions detail regional and local geology in the vicinity of the Scepter site
in Township 4 North, Range 8 West, Donation 148. The depositional history and lithologic
and stratigraphic portions of this report fully establish the integrity of the possible injection
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3.2

Figure 3.1-4 illustrates the major faults and some anticlinal belts in the Illinois Basin. The
Wabash River Valley fault system contains the only known faults within 75 miles of the
Scepter site. This fault system is located more than 50 miles from the site. The Wabash
Valley System is comprised of high angle normal faults. Displacements of this fault system
have been reported to be several hundred feet (Nelson and Lumm, 1984).

Regional Stratigraphy

The sedimentary rocks underlying Scepter are comprised mainly of marine sediments
deposited during the Paleozoic Era. These consolidated bedrock units are comprised of
dolomite, limestone, sandstone, siltstone, and shale,s and are of Pennsylvanian,
Mississippian, Devonian, Silurian, Ordovician, Cambrian, and Precambrian Ages.
Approximately 50 feet of glacial alluvium overlies the consolidated rocks. Most geoldgic
units underlying the Scepter site dip approximately 100 feet per mile toward the southwest
into the center of the Illinois Basin.

Most geologic information is interpreted from driller’s descriptions and geophysical logs run
on exploration wells previously drilled in an area. In Indiana, only 24 wells have
penetrated through the entire sequence of sedimentary rocks to the underlying Precambrian
basement, and all but three of these wells lie along the Cincinnati and Kankakee Arches,
where the depth to the basement is less than 4,600 feet. Data for the deeper rock units is
therefore derived from extrapolation of geologic data from these few available test wells and
on interpretation of geophysical data obtained from gravity, magnetic, electrical, and
seismic surveys. Only one well in Knox County penetrates into the Ordovician Age Knox
Formation. Records for this well, and for other Knox wells in surrounding counties in
Indiana and Illinois, were obtained in order to extrapolate the geology at the Scepter site.
A number of wells have been drilled within a 10 mile radius of the Scepter site into the
Mississippian Age rocks at depths of 1,300 to 2,700 feet. Records for representative wells
were obtained. |

The following text provides regional geologic information for the area surrounding the
Scepter site. A simplified stratigraphic column illustrating the estimated formation tops and
thicknesses is provided in Table 3.3.1-1. Table 3.3.1-1 was created from very limited
available geologic data and chosen formation thicknesses and formation tops should be
considered to be very preliminary. The stratigraphic nomenclature used throughout this
report was obtained from Shaver and others (1986).
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TABLE 3.3.1-1 (Continued)

Estimated Formation Tops and Thickness

Approximate  Approximate  Approximate

Group Formation Depth (BGL)" Depth (MSL)”™  Thickness Age
(Knox) Prairie du Chien Shakopee Dol 4680’ -4200' 800’ (6]
(Knox) Prairie du Chien Oneata Dol 5480’ -5000' 400’ o
(Knox) Prairie du Chien Potosi Dol 5880’ -5400' 1400’ Cc
(Potsdam) Munising Eau Claire Fmn 7280 -6800' 1000’ +
(Potsdam) Munising Mt. Simon Ss 8280’ -7800’ 1200 c
Precambrian 94380’ -9000’ ———- PC

Geologic Time Periods

Quaternary =Q
Pennsylvanian = P
Mississippian = M
Devonian =D
Silurian =8
Ordovician =0
Cambrian = C
Precambrian = PC

* BGL =Below Ground Surface
= MSL =Mean Sea Leve]

3.2.1 Precambrian Basement

The basement complex in most of Illinois and Indiana, including the vicinity of the
Scepter site, has been identified as being part of the Central Granite-Rhyolite Province.
The location of this province is delineated on Figure 3.1-2. The general lithology of the
Central Granite-Rhyolite Province is an anorogenic granitic or felsic intrusive terrain.
The Precambrian basement is thought to occur at approximately 9,500 feet, and to be
comprised of granite or rhyolite in the vicinity of the Scepter site. No specific
information is available regarding the nature of the Precambrian rocks in the vicinity of
Scepter.

3.2.2 The Cambrian System

The Cambrian System is found throughout the Illinois Basin. It is comprised, in
descending order, of the Potosi Dolomite, the Munising Group, and the Mt. Simon
Sandstone. The Munising is divided into the Davis Formalion and the Eau Claire
Formation. Sandstones are a dominant lithology of the system, with dolomites becoming
more prevalent in the upper part of the system. Figure 3.2.2-1 shows that rocks of the
Cambrian System in Indiana range from less than 1,500 feet to more than 4,000 feet in
thickness.
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The Shakopee Dolomite is a member of the Prairie du Chien Formation. Figure 3.2.3-2
illustrates that the thickness of the Shakopee Dolomite in Indiana ranges from O feet in
the northern part of the state to an estimated 1,200 feet in the southwestern corner of
Indiana. The Shakopee Dolomite is pure to impure and very fine-grained to fine-grained
dolostone with interbeds of shale, siltstone, and sandstone. Sandstone beds generally as
much as several tens of feet thick are present in southeastern Indiana. The Shakopee of
Illinois also contains sandstones (Willman and Buschbach, 1975).

The Ancell Group ranges from O to more than 450 feet in thickness in Indiana, as
illustrated in Figure 3.2.3-3. Droste and others (1982) state that it lies with significant
unconformity on either the Knox Dolomite or the Everton Dolomite below, and is overlain
by the Black River Group with sharp contact probably representing a minor erosional
discontinuity. The lowermost member of the Ancell Group is the St. Peter Sandstone.
The St. Peter ranges in thickness from 0 feet to over 170 feet in Indiana. Sharp
differences in thickness over a few tens of miles have been observed and are thought to
result from moderate relief developed along the unconformity on the subjacent Knox rocks
before St. Peter deposition and because of facies changes from St. Peter rocks to
Dutchtown or Joachim rocks within short distances (Droste and others, 1982). Abruptly
increased thickening (as much as 200 additional feet is observed in some wells in
northwestern Indiana) over short distances within the continuous body of the St. Peter is
also known. Sinkholes, karst-solution valleys, or similar box-canyon features developed
on the Knox erosion surface could be the reason for the abrupt thickening.

Generally, the St. Peter is composed of fine to medium well-rounded and well-sorted
frosted grains of quartz that are weakly cemented. In some places, secondary quartz
overgrowths and siliceous intergranular cement produce well-indurated rather than friable
sandstone. In southern Indiana, the St. Peter may have carbonate cement and thin
interbeds of carbonate rock, generally dolomite (Droste and others, 1982).

The Dutchtown Formation within the Ancell Group has a transitional contact with the St.
Peter in the area where the Dutchtown is present. Figure 3.2.3-5 indicates the thickness
and distribution of the Dutchtown in Indiana. The Dutchtown Formation in Indiana
correlates with the Wells Creek Formation in Ohio. The Dutchtown is comprised of light-
gray and brown partly argillaceous dolomite with some thin interbeds of green shale.
In areas where the unit shows a transitional boundary with the St. Peter Sandstone,
dolomite cemented medium-grained sandstone is present.

The Joachim Dolomite has the greatest subsurface distribution of the three formations of
the Ancell Group (Figure 3.2.3-6). The Joachim is thought to have a thickness of greater
than 150 feet in southwestern Indiana. The Joachim consists of varicolored limestone and
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The Fort Atkinson Limestone of the Maquoketa Group overlies the Scales Shale. The
Fort Atkinson is present in the northern, central, and western portions of Indiana, and is
approximately 50 feet thick over most of this area. It includes light-colored, coarsely
crystalline limestone and dolomite, mainly in its upper part, and gray argillaceous
limestone and calcareous shale, mainly in its lower part. Figure 3.2.3-13 is a map of the
thickness and lithofacies interpretations of the combined Fort Atkinson Limestone and the
underlying Brainard Shale and their stratigraphic equivalents in Indiana.

The Brainard Shale is thought to conformably overlie the Fort Atkinson Limestone in
northern, central, and southwestern Indiana (Shaver and others, 1986). Over most of its
area of recognition, the Brainard is 75 to 100 feet thick. The Brainard consists primarily
of gray to greenish-gray shale that contains a few thin interbeds of limestone. It is
overlain in central and western Indiana by the Silurian Age Brassfield Limestone or
Sexton Creek Limestone. Figure 3.2.3-14 illustrates the structural configuration on top
of the Maquoketa Group in Indiana.

3.2.4 The Silurian System

Over most of Indiana, rocks that unconformably overlie the Maquoketa Group are
assigned to the Silurian Age Brassfield Limestone. This ranges in lithology from light-
colored calcarenite in southeastern Indiana to cherty limestone to shaly limestone in
southwestern Indiana. The Sexton Creek Limestone is a distinctive facies of the
Brassfield present in the western half to two-thirds of Indiana. The Sexton Creek
averages between 40 and 50 feet in thickness (Shaver and others, 1986).

The Sexton Creek is overlain unconformably by the St. Claire Limestone in southwestern
Indiana and by the Salamonie Dolomite elsewhere in the state. In southwestern Indiana,
the Salamonie has a vertical cutoff boundary with the approximate lower half of the St.
Claire Limestone. The Salamonie rocks are generally impure, and include finer grained
argillaceous limestone and dolomitic limestone and shale. The St. Claire is a multi-
colored medium-grained limestone. The St. Claire ranges from 30 to 90 feet in thickness
and averages about 60 feet in thickness in the subsurface of southwestern Indiana. The
St. Claire’s upper contact with the Moccasin Springs Formation generally involves an
upward transition through several feet of interbedded pure limestones and argillaceous
limestones (Shaver and others, 1986).

The Moccasin Springs Formation consists mostly of dense to fine-grained, somewhat
argillaceous limestones that are interbedded as variably colored units. In most places, the
top 20 feet of the formation consists of dark-gray to black dolomitic shale interbedded
with dark-greenish-gray very fine-grained argillaceous limestone. Dark red carbonate
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medium to coarse-grained, rather pure bioclastic limestone. The Backbone has two
prominent intervals of drab cherty dolomitic limestone and dolomitic chert.

South of the Kankakee and Cincinnati Arches, the Muscatatuck Group is comprised of the
Jeffersonville Limestone and the North Vernon Limestone. The Jeffersonville consists of
the Dutch Creek Sandstone, Geneva Dolomite, and Vernon Fork Members. Figure 3.2.5-
2 illustrates the thickness and distribution of the Jeffersonville Limestone. A thin
bentonite bed, named the Tioga bentonite bed, acts as a marker for the upper portion of
the Jeffersonville in southwestern Indiana, including Knox County. The Jeffersonville
consists of fossiliferous limestone. The Dutch Creek Member consists of hard sandy
limestone, with sand more abundant at the base of the unit. Where present, the Geneva
Dolomite Member consists of brown and tan fine to medium-grained, somewhat massive,
finely vuggy dolomite. Figure 3.2.5-3 illustrates the thickness and distribution of the
Geneva Dolomite. The Geneva is not thought to be present in Knox County. The Vernon
Fork Dolomite in western Indiana is fine to medium-grained, finely vuggy, and mostly
brown. Figure 3.2.5-4 illustrates the thickness and distribution of the North Vernon
Limestone.

The New Albany Shale conformably overlies the Muscatatuck Group in southwestern
Indiana. The New Albany Shale has been divided into five members, which in ascending
order are: Blocher; Selmier; Morgan Trail; Camp Run; and Clegg Creek. The
uppermost member of the New Albany Shale (Clegg Creek Member) is considered to be
Mississippian in age. On the whole, the New Albany has been described as brownish-
black carbon-rich shale, greenish-gray shale, and minor amounts of dolomite and
dolomitic quartz sandstone (Shaver and others, 1986). Figure 3.2.5-5 illustrates the
thickness and distribution of the New Albany Shale in Indiana. The New Albany Shale
is approximately 150 feet thick in northern Knox County. Figure 3.2.5-6 is a map
showing the structure on the base of the New Albany Shale.

3.2.6 The Mississippian System

The Mississippian System is comprised, in ascending order, of the Clegg Creek Member
of the New Albany Shéle, the Borden Group, the Sanders Group, the Blue River Group,
the West Baden Group, the Stephensport Group, and the Buffalo Wallow Group. The
Mississippian rocks are divisible into three lithologically distinct parts. The upper part,
which comprises repeated cyclic sequences of sandstone, shale, and limestone and the
middle part, which consists principally of limestone of many textural varieties, are
restricted to southwestern Indiana. The lower part, a clastic séquence of siltstone and
shale, is present in both northern and southwestern Indiana. (Gray, 1979). Figure 3.2.6-1
illustrates the distribution of both Mississippian and Pennsylvanian rocks in Indiana.
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3.2.7

Member. In general, the Paoli Limestone is an assortment of lighter colored carbonate
rocks ranging from grainstone to mudstone with lesser amounts of interbedded shale and
sandstone.

The Blue River Group is conformably overlain by the West Baden Group in southwestern
Indiana. The West Baden Group consists in ascending order, of the Bethel Formation,
the Beaver Bend Limestone, the Sample Formation, the Reelsville Limestone, and the
Cypress Formation. The Group consists dominantly of gray to varicolored shale and
mudstone and thin-bedded to crossbedded sandstone; limestone in beds of variable
thickness is an important but lesser constituent (Shaver and others, 1986). Figure 3.2.6-6
illustrates that the thickness of the West Baden Group in Knox County varies between 60
and 180 feet. Much of the irregular thickness distribution of the group is caused by large
clastic-filled channels that thicken and replace underlying parts of the group and the top
of the carbonate rocks of the underlying Blue River Group (Rupp, 1991).

The West Baden Group is conformably overlain by the Stephensport Group in
southwestern Indiana. The Stephensport consists, in ascending order, of the Beech Creek
Limestone, Big Clifty Formation, Haney Limestone, Hardinsburg Formation, and the
Glen Dean Limestone. Lithologically, the units range in composition from clean shale
to poorly sorted argillaceous siltstone and fine to medium-grained sandstone. Limestone
within the group is predominantly coarse-grained clean bioclastic grainstones. Some
formations of the Stephensport Group are thin or absent in much of Knox County. Figure
3.2.6-7 illustrates the thickness and distribution of the Stephensport Group in Indiana.

Where present, the Buffalo Wallow Group conformably overlies the Stephensport Group.
In the subsurface, the Group is divided stratigraphically into nine units. In ascending
order, these are the Tar Springs Formation, the Vienna Limestone, the Waltersburg
Sandstone, the Menar Limestone, the Palestine Sandstone, the Clore Limestone, the
Degonia Sandstone, the Kinkaid Limestone, and the Grove Church Shale. Buffalo
Wallow rocks include predominantly shale, siltstone, and sandstone with subordinate
amounts of limestone. The Buffalo Wallow is unconformably overlain throughout the
basin by rocks of Pennsylvanian Age. As a result, there is progressive truncation of older
rocks toward the basin margin. Figure 3.2.6-8 illustrates the subcrop limit of the Buffalo
Wallow Group. As can be seen from this figure, the Buffalo Wallow 1s absent from much
of Knox County, Indiana.

The Pennsylvanian System

The Pennsylvanian System is comprised of the Raccoon Creek, Carbondale, and
McLeansboro Groups. Pennsylvanian rocks are present only in western and southwestern
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3.2.8 Pleistocene

The northern and central parts of Indiana are mantled by Pleistocene deposits of glacial
and interglacial origin. These clastic sediments are primarily unconsolidated silt, sand,
and gravel that are moderately to poorly sorted. Some clay-rich sediments occur as tills
and lacustrine and glacial meltwater deposits. Most of the northern deposits are ice-
contact sediments, but the more southerly deposits are primarily outwash or meltwater
sediments.

3.3 Local Geology

The following text provides local geologic information for the area surrounding the Scepter
facility. The information in this section is inferred from published sources containing
regional information, and from well drilling records for oil and gas wells drilled in the
vicinity of Scepter. Only one existing well in the entire county of Knox intercepts the
proposed injection zone. However, there are other deep wells in the counties surrounding
Knox in both Indiana and lllinois. Inferences made by Envirocorp and made in published
works using data derived from these wells were used to establish likely depths to formation
tops in the vicinity of Scepter. Considerable interpolation was required between the sparse
well data for all geologic units. It should be noted that these formation tops are estimated
with an accuracy not greater than 100 feet.

Drawing | illustrates two geologic cross-sections drawn east to west across the State of
Indiana. These cross sections illustrate the continuity of rocks comprising the proposed
injection and confining zones beneath Scepter. . The local continuity of injection and
confining intervals can also be demonstrated by regional structure and isopach maps
presented in Section 3.2. The structure maps for this area indicate no faulting in the
Scepter vicinity, and the isopach maps for this area indicate only regional thickening and
thinning of the injection and confining zones.

Several potentially favorable receiving zones for injection activities occur in the vicinity of
Scepter. These include the clastic formations of the Mississippian Age West Baden Group,
especially the Cypress Formation, formations of the Muscatatuck Group, possible reef
structures in the Mocassin Springs and St. Claire Formations of the Silurian Age Bainbridge
Group; the Ordovician Age Trenton Limestone; Ordovician Age St. Peter Sandstone in
conjunction with the underlying Shakopee Dolomite; and the Mt. Simon Sandstone.

The Cypress Formation is shallow (approximately 1,100 feet), and a well completed into
this unit would be relatively inexpensive. However, the Cypress Formation occurs at a
shallow enough depth that the nature and quantity of strata present to protect the lowermost
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The overlying Oneata Dolomite would also provide confinement to a Mt. Simon reservoir.
Figure 3.2.3-1 illustrates the approximate thickness of the Oneata in Indiana. The Oneata
is thought to be approximately 400 feet thick in the vicinity of Scepter, and to occur at an
approximate depth of 5,000 feet MSL (5,480 feet BGL).

The Shakopee Dolomite in conjunction with the overlying St. Peter Sandstone is a potential
injection interval. The Knox unconformity occur in between the Shakopee and the St.
Peter. Natural fractures and higher porosity rock often occurs at the interface between
unconformable rocks. The presence of the major erosional unconformity at the top of the
Knox Group is likely to provide a zone of good porosity and permeability. Figure 3.3.1-4
illustrates the structure on top of the Shakopee Dolomite (top of the Knox Supergroup).

The Shakopee Dolomite is comprised of fine-grained dolostone with interbeds of shale,
siltstone, and sandstone. Although sandstone beds are prominent at the top of the Shakopee
in some portions of Indiana (Figure 3.2.3-2), they are not known to be present in the
vicinity of Scepter. The Shakopee is thought to be approximately 800 feet thick at the
Scepter site, and to occur at an approximate depth of 4,200 feet MSL (4,680 feet BGL).

The St. Peter Sandstone Member of the Ancell Group is comprised of well-rounded and
well-sorted quartz grains that are weakly cemented. In southern Indiana, the St. Peter may
have carbonate cement and thin interbeds of carbonate rock, generally dolomite. Figure
3.2.3-4 illustrates the approximate thickness of the St. Peter in Indiana. Great increases in
thickness of the St. Peter over a small distance are known to occur in northwestern Indiana.
Insufficient data exists to infer whether such irregularities in thickness may occur in
southwestern Indiana. It is thought that the irregularities may occur due to the presence of
erosional features on top of the Knox unconformity. Figure 3.2.3-4 illustrates that the St.
Peter is thought to be approximately 50 feet thick in the vicinity of Scepter. It is thought
to occur at an approximate depth of 4,150 feet MSL (4,630 feet BGL).

The Dutchtown Formation and the Joachim Dolomite of the Ancell Group would provide
immediate confinement above the Shakopee/St.Peter injection zone. Both the Dutchtown
and the Joachim are composed of argillaceous dolomite. The Dutchtown contains some thin
beds of green shale. Figures 3.2.3-5 and 3.2.3-6 illustrate that the thickness of the
Dutchtown Formation is expected to be approximately 100 feet, and the thickness of the
Joachim Dolomite is expected to be approximately 150 feet in the vicinity of Scepter.
These units are expected to be found at depths of 4,050 feet MSL (4,530 feet BGL) and
3,900 feet MSL (4,380 feet BGL) respectively.

The Pecatonica and Plattin Formations of the Black River Group would also act as
confinement to a Shakopee/St. Peter reservoir. In southwestern Indiana, the Pecatonica is
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chert (Becker, 1974). The Sexton Creek is thought to be approximately 50 feet thick in the
vicinity of Scepter.

Possible Silurian reef structures located in the overlying Bainbridge Group would provide
another possible injection zone. Reef structures are often porous and permeable and could
provide excellent injectivity. The Bainbridge Group is comprised of the St. Claire
Limestone, the Mocassin Springs Formation, and the Bailey Limestone. The Scepter site
is located near the southwestern edge of the area in which reefs structures are thought to
occur in the formations of the Bainbridge. Figure 3.2.4-1 illustrates the combined thickness
of the Mocassin Springs, St. Claire, and Sexton Creek Formations, and the locations of
reefs in southwestern Indiana. It is unknown if the Salamonie Dolomite is present in the
vicinity of Scepter. Figure 3.3.1-7 illustrates the structure on top of the Salamonie
Dolomite. Figure 3.3.1-7 also shows that the Scepter site is located very close to the
boundary at which the Salamonie Dolomite is no longer recognized because of facies
relationship with the St. Claire Limestone. Most recognized large reefs within Indiana
occur in the Silurian section above the Salamonie Dolomite. The proximity of the Scepter
site to the southwestern boundary of the presence of the Salamonie, and the presence of
known reef structures, makes it very difficult to predict the likelihood that a well developed
reef structure would be intersected by a Scepter injection well. This is especially true of
prediction of the presence of a pinnacle reef structure which would have a breadth of a mile
or two al most.

The St. Claire Limestone (or Salamonie Dolomite) is thought to have a thickness of
approximately 50 feet in the vicinity of the Scepter site. The overlying Mocassin Springs
Formation should have a depth of approximately 300 feet if moderate reef development has
occurred. The overlying Bailey Limestone is thought to be approximately 100 feet thick
in the vicinity of Scepter. The entire Bainbridge Group may be as much as 200 feet thicker
if pinnacle reef development has occurred. Alternately, the Bainbridge Group may be as
much as 200 feet thinner than predicted if no reef structure is present in the Mocassin
Springs Formation. The top of the Bainbridge Group in the vicinity of Scepter is thought
to occur at an approximate depth of 2,650 feet MSL (3,130 feet BGL).

The Devonian Age Backbone Limestone of the New Harmony Group would provide
confinement for a Bainbridge injection zone. Alternately, the Backbone may be utilized in
conjunction with the Bainbridge as an injection reservoir. Rupp (1986) discusses the
potential of the Backbone to be utilized as a reservoir in southern Indiana. The Backbone
is a fine to coarse-grained limestone. Figure 3.3.1-8 illustrates that the Backbone is thought
to be approximately 250 feet thick in the vicinity of Scepter. It is estimated that it would
occur at an approximate depth of 2,400 feet MSL (2,880 feet BGL).
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sufficient confinement strata occur between the Cypress and the base of the lowermost
USDW. Also, several old improperly plugged boreholes penetrate the Cypress within the
two mile AOR. Figures 3.2.6-6 and 3.3.1-11 illustrate that the West Baden Group is
thought to be approximately 140 feet thick and to occur at an approximate depth of 660 feet
MSL (1,140 feet BGL) in the vicinity of Scepter.

The Stephensport Group is comprised of approximately equal parts of limestone, shale, and
sandstone. An erosional unconformity exists between the top of the Stephensport and the
overlying Pennsylvanian Age Formations. Rocks of the Mississippian Age Buffalo Wallow
Group have been eroded or were not deposited in the vicinity of Scepter. In addition, a
portion of the uppermost unit of the Stephensport, the Glen Dean Limestone, has likely
been eroded away. Figure 3.2.6-7 illustrates that the Stephensport Group is expected to be
approximately 130 feet thick in the vicinity of Scepter. Figure 3.2.7-2 is a map showing
the structure on the base of the Pennsylvanian System. Figure 3.2.7-2 indicates that the top
of the Stephensport Group occurs at an approximate depth of 530 feet MSL (1,010 feet
BGL).

The Pennsylvanian System in the vicinity of Scepter is comprised in ascending order of the
Raccoon Creek, Carbondale, and Mcleansboro Groups. A number of coal beds are present
in the Pennsylvanian strata. Anticlinal and synclinal structures occur in some of the coal
beds in Knox County. These structures may be present due to Mississippian structures or
topography of the Mississippian-Pennsylvanian unconformity (Harper and Eggert, 1995).
Extensive coal mining was performed in the Bicknell area in the 1920s and 1930s. The
Knox Consolidated Nos. 1, 2, and 3 mines operated in the Springfield Coal Member of the
Petersburg Formation (Carbondale Group) immediately beneath the proposed well site.
Figure 3.3.1-12 illustrates the extent and location of this mine. Figure 3.3.1-13 is a map
of Knox County illustrating structure on top of the Springfield Coal. Coal exceeding six
or seven feet in thickness was removed from this underground mine. Pillars of coal were
left in place at regular intervals to prevent the roof of the mine from collapsing. Large
quaritities of methane were encountered in some places in the mine (Harper and Eggert,
1995). Prior to determining the final location for the injection well, a survey may need to
be conducted to locate a pillar that can be drilled through when the well is constructed.
Such a pillar would prevent loss of cement circulation should a mined area of coal be
encountered during the well construction process. Envirocorp has obtained a map
illustrating the general locations of the pillers in the mine underlying Scepter. It may be
wise to drill a shallow exploratory well to confirm the presence of a pillar prior to choosing
the final well location.
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Source: U. S. Geological Survey Earthquake Data Base (National Earthquake Information
Center)

All of the earthquakes that have occurred have been mild, having an intensity of VII or less
on the Modified Mercalli Intensity Scale (Table 3.4-11)_, and have been epicentered outside
of Scepter’s AOR. The closest earthquake had an intensity of VI, and occurred
approximately 10 miles from the Scepter site. All but one of the other recorded
earthquakes have been at least 30 miles from the site. The most recent earthquake occurred
in 1987. This earthquake had an intensity of VI, and was located approximately 32 miles
from the Scepter site.

TABLE 3.4-11

Modified Mercalli Intensity (Damage) Seale of 1931
(Abridged)

1. Not felt except by a very few under especially favorable circumstances. (I Rossi-
Forel Scale.)

11, Felt only by a few persons at rest, especially on upper floors of building. Delicately
suspended objects may swing. (I to II Rossi-Forel Scale.)

III.  Felt quite noticeably indoors, especially on upper floors of buildings, but many
people do not recognize it as an earthquake. Standing motorcars may rock slightly.
Vibration like passing of truck. Duration estimated .1. (III Rossi-Forel Scale.)

IV.  During the day felt indoors by many, outdoors by few. At night some awakened.
Dishes, windows, doors disturbed; walls make creaking sound. Sensation like heavy
truck striking building. Standing motorcars rocked noticeably. (IV to V Rossi-Forel
Scale.) ;

V. Felt by nearly everyone, many awakened. Some dishes, windows, etc. broken; a
few instances of cracked plaster; unstable objects overturned. Disturbances of trees,
plies, and other tall objects sometimes noticed. Pendulum clocks may stop. (V to
VI Rossi-Forel Scale.)

VI.  Felt by all, many frightened and run outdoors. Some heavy furniture moved; a few
instances of fallen plaster or damaged chimneys. Damage slight. (VI to VII Rossi-
Forel Scale.)

VII. Everyone runs outdoors. Damage negligible in buildings of good design and
construction; slight to moderate in well-built ordinary structures; considerable in
poorly built or badly designed structures; some chimneys broken. Noticed by
persons driving motorcars. (VIII Rossi-Forel Scale.)
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Bainbridge Group and the Backbone Limestone; 5) the formations of the Muscatatuck
Group; and 6) the Cypress Sandstone.

. The Cypress Sandstone was dismissed from consideration as an injection interval

because insufficient strata lie between the Cypress and the lowermost USDW, and
because five improperly plugged wellbores intersect the Cypress within the AOR.

. The Mt. Simon Sandstone is not recommended as the chosen injection interval because

it occurs at a much greater depth than the other potential injection zones, making a Mt.
Simon well much more expensive and because it is likely that one of the shallower
target zones will serve as an acceptable disposal reservoir.

The lowermost USDW is conservatively estimated to occur in the Pennsylvanian Age
Linton Formation. Thus, the base of the lowermost USDW is expected to occur at an
approximate depth of 555 feet BGL (-75 feet MSL).

All of the proposed injection and confining units appear to be continuous and to lack
complex geologic structure.

. The region surrounding Scepter is considered to be one having moderate seismic

activity. However, seismic events are expected to originate in the Wabash River Valley
fault system, approximately 50 miles outside of the AOR. Seismic intensities are
expected to be lower than would be required to severely damage injection well facilities.

. No mineral resources are known to occur within any of the proposed injection intervals

within the AOR.

Envirocorp believes that sufficient geologic information exists to provide confidence of
the safety and suitability of the site.

Each of the proposed injection zones have sufficient thickness and areal extent to
prevent migration of fluids into USDWs. Insufficient local geologic information exists
to characterize the pdrosity and permeability of the proposed injection reservoirs with
any degree of certainty. However, published data provides evidence of potential
reservoir conditions for all the proposed injection zones except the Muscatatuck Group.

Proposed confining zones for each of the potential injection zones are laterally
continuous and appear to be free of transecting, transmissive faults or fractures over an
area sufficient to prevent the movement of fluids into an USDW.
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Well No. 2

Mont & B. Freeland (H & W) No. 1, The Nation Oil Co.
TD - 1816" (1950) (Don 149, T4N, R8W)
Permit No. 8965
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APL # 13.Q__r?3'” M

OCATION:  Don. 1&9—43-8W STATE OF INDIANA
cF e o MA00TSWL, 990'SEL Division of Oil and Gas
u_\’-\'£_IU I AR 606 State OHice Building
Indisgnapolis, Indiana 46204
| WELL COMPLETION OR RECOMPLETION REPORT AND WEL

L0G

y 10 BE FILED IMMEDIATELY AFTER COMPLETION OF WELL

i MOTICE: T IS NECESSARY TO SUBMIT A RECORD FOR EACH PERMIT.
| . .
,BE A N TYFE OF COM_PLETIO_H
;LOpirutor Ter_nab Oil _& Gas Co. Dry Hele X Stratigrophlie Test
Farm Name Clvde Wampler #1 il Seltwoter Dlsposal _____
iWell No. #1 Gas Water Supply
\ §rvi Rtoieres o Gas Storage:
PERMIT NO. 37865 .Water l'nl.f”o“ Injection ~ Extroction
. ; ; Gas Injection Observation
:;!YPE OF WELL. IMITIAL PRDDUCTION
New Well Wor.ko"r Deepening Dit Gaa
| ' g '
|
LOCATION COMPLETION INTERYAL
'-ICounif Knox Co h TWP.)_-EN Rge. 8w Interval{s)
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OPERATIOHAL DATES " S
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' Rec. 10" mud
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(I
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Y

;'nddr-sl of Operater 23 3 q /Céf Al;c-ﬂ Oa&zﬁéﬁﬁf y 4 (;Z 2L0 !f.
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Well No. 1

Clyde Wampler No. 1, Tenjab Oil & Gas Co.
TD - 2170’ (1978) (Don 149, T4N, R8W)
Permit No. 37865

File: c:\wp\scepd278.mpt




ATTACHMENT B

WELL RECORDS AND PLUGGING REPORTS FOR WELLS
DEEPER THAN 750 FEET LOCATED WITHIN THE TWO MILE
AREA OF REVIEW
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§ 146.11

Subpart B—Criteria and Standards
Applicable to Class | Wells

§146.11 Crileria-and standards applicable
to-Class T'nonhazardous wells:

This subpart establishes criteria and
standards for underground Injection
control programs to regulate Class I
nonhazardous wells.

[53 FR 28148, July 28, 1988]

§146.12 Constructlon requirements.

(a) All Class I wells shall be slted {n
such a fashlon that they inject into a
formation which is beneath the lower-
most formation contalning, within one
quarter mile of the well bore, an un-
derground source of drinking water.

(b) All Class I wells shall be cased
and cemented to prevent the move-
ment of fluids into or between under-
ground sources of drinking water. The
casing and cement used In the con-
struction of each newly drilled well
shall be designed for the life expectan-
cy of the well. In determining and
specifying casing and cementing re-
quirements, the following factors shall
‘be consldered:

(1) Depth to the injection zone;

{2) Injection pressure, external pres-
sure, Internal pressure, and axlal load-
ing;

(3) Hole size;

(4) Size and grade of all casing
strings (wall thickness, diameter,
nominal weight, length, joint specifi-
cation, and construction material);

(5) Corroslveness of injected fluid,
formation flulds, and temperatures;

{8) Lithology of injectlon and confin-
ing intervals; and

(1) Type or grade of cement.

{c) All Class I injection wells, except
those munleipal wells injecting non-
corrosive wastes, shzall Inject flulds
through tubing with & packer set im-
mediately above the injection zone, or
tubing with an approved fluid seal as
an altermatlve. The tubing, packer,
and fluld seal shall be designed for the
expected service.

(1) The use of other alternatives to a
packer may be allowed with the writ-
ten approval of the Director. To
obtaln approval, the operator shall
submlit a written request to the Dlrec-
tor, which shall set forth the proposed

40 CFR Ch. 1 (7-1°92 Ediflon)

alternative and all technical data supSy
porting its use. The Director shall ap-‘--g
prove the request if the alternative’s
method will reliably provide a compady
rable level of protection to underdl
ground sources of drinking water. 'I'h%;‘
Director may approve an alternatlvess
method solely for an individual well o
for general use, .

(2) In determining and specifying r
quirements for tubing, packer, or
ternatives the following factors sha
be considered: -

(1) Depth of setting: e

(li) Characteristics of injection fluldf
(chemical content, corrosiveness, andis:.

density);
(iily Injection pressure; :
(iv) Annular pressure; o
(v) Rate, temperature and volumeo
injected fluid; and 5
(vi) Size of casing.

(d) Appropriate logs and other testfff

shall be conducted during the drillin

A descriptive report Interpreting t
results of such logs and tests shall
prepared by a knowledgeable log an
lyst and submitted to the Director, A
a minimum, such logs and Lests sh
include: hr
(1) Deviatlon checks on all holes¥
constructed by first drilling a pllots
hole, and then enlarging the pilot hole;
by reaming or another method. Suchi.
checks shall be at sufficiently frequentf.
intervals to assure that vertical aved’
nues for fluid migration in the form ofi,
diverging holes are not created during
drilling. : i
(2) Such other logs and tests as may
be needed after taking into account
the availabllity of similar data in the
area of the drilling site, the construc-
tion plan, and the need for additional
information, that may arise from time
to time as the construction of the well’
progresses. In determining which logs
and tests shall be required, the follow-
ing logs shall be considered for use lo
the following situations: r
(1) For surface casing intended o
protect underground sources of drink-
Ing water: i
(A) Resistlvity, spontaneous poten-
tizl, and caliper logs before the casing.
Is installed; and

852

F '—onr;;;ﬁlul Prt:;.lo-cﬂ.nn Aan-cy

«as) A cement bond, temperature, or
density log after the casing is set and
cemented. _

(iiy For Intermediate and long
strings of casing intended to facilltate
injection:

(A) Resistivity, spontaneous poten-
tial, porosity, and gammsa ray logs
before the casing ls installed;

(B) Fracture finder logs; and

(C) A cement bond, temperature, or
density log after the casing is set and
cemented.

(e) At a minimum, the following In-
formation concerning the injection
formation shall be determined or cal-
culated for new Class I wells:

(1) Fluid pressure;

(2) Temperature;

(3) Fracture pressure;

(4) Other physical and chemical
chzracteristlcs of the injection matrix;
an

{53) Physical and chemical charactar-
Istics of the formation fluids.

(45 FR 42500, June 24, 1980, as amended at
48 FR 43162, Aug. 27, 19811

§146.13 Operating, monitoring and
portlng requirements.

{a) Operating requirements. Operat-
Ing requirements shall, at a minimum,
specify that:

(1) Except during stimulation Injec-
tlon pressure at the welthead shall not
exceed a maximum which shall be cal-
culated so as to assure that the pres-
sure [n the Injection zone during Injec-
tlon does not initiate new fractures or
propagate existing fractures in the in-
lection zone. In no case shall Injection
pressure Initiate fractures [n the con-
{ining zone or cause the movement of
i I[nfection or formation fluids into an
{ underground source of drinking water.

(2) Injection between the outermost
casing protecting underground sources
! of drinking water and the well bore is
! prohibited.

(3) Unless an alternative to a packer
has been approved under § 146.12(c),
the annulus between the tubing and
the long string of casings: shall be
filled with a fluid approved by the Di-
tector and a pressure, also approved
. by the Director, shall be maintalned
+ On the annulus.

i

RT46.13

{b) Monitoring requirement.. onl-
toring requirements shall, at a minl-
mum, include:

(1) The analysis of the injected
flulds with sufficient frequency to
vleld representative data of their char-
acteristics:

(2) Installatlon and use of continu-
ous recording devices to monitor injec-
tlon pressure, flow rate and volume,
and the pressure on the annulus be-
tween the tubing and the long string
of casing;

(3) A demonstration of mechanical
integrity pursuant to § 146.8 at least
once every five years during the life of
the well; and

(4) The type, number and location of
wells within the area of review to be
used to monitor any migration of
fluids into and pressure In the under-
ground sources of drinking water, the
parameters to be measured and the
frequency of monitoring.

(c) Reporting requiremenis. Report-
Ing requirements shall, at 2 minimum,
Include:

(1) Quarterly reports to the Director
on:

(i) The physleal, chemical and other
relevant characteristics of Injection
fluids:

(i) Monthly average, maximum and
minimum values for injection pres-
sure, flow rate and volume, and annu-
lar pressure; and

(lii) The results of monitoring pre-
scribed under paragraph (b)(4) of this
section.

(2) Reporting the results, with the
first quarterly report after the com-
pletion, of:

(1) Periodic tests of mechanical in-
tegrity;

(iI) Any other test of the injection
well conducted by the permittee if re-
quired by the Dlrector; and

(I1i) Any well work over.

(d) Ambient moniloring. (1) Based
on a site-specific assessment of the po-
tentizl for fluid movement from the
well or injectlon zone and on the po-
tentlal value of monitoring wells to
detect such movement, the Director
shall require the owner or operator to
develop a monitoring program. At a
minimum, the Director shall require
monitoring of the pressure buildup in
the injection zone annually, including

853




ATTACHMENT A

MINIMUM CRITERIA FOR SITING
OF A CLASS I WASTE INJECTION WELL
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Well No. 4

Chas & Eva McBride No. 1, A. S. Reed
TD - 1965’ (1950) (Don 121, T4N, R9W)
Permit No. 8429

File: c:\wphscep4278.mt
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rLb_r‘n_chro BY £. DILLUN, 1978 STATE GE INDIANA
tt\fly Dun. R L4~ L: 3‘:'“ Division of Oil and Gas
1920' ¥WL, 99( 606 State Office Building

1'!'-_\'=\TIUN= 518 (Paulin) Indianapolis, Indiana 46204 . Qgi__ 2:25 98
" WELL COMPLETION OR RECOMPLETION REPORT AND WELL LOG

19 BE FILED iMHMEDIATELY AFTER COMPLETION OF WELL

NOTICE: IT IS NECESSARY TO SUBMIT A RECORD FOR EACH PERMIT.

ISIGNATION | TYPE OF COMPLETION ,

erator JACK ELLIOTT . Dry Hole X Stratigrophic Test
‘arm Name __LONG : 0il Soltwate- Disposal
i No, 1 _ Ges ' Water Supply

Pressurs Maintenonce or

Secendery Recovery: Gas Storegs:

Water Injection Injection — Extrection
ermT NO, __ 37809 : i . .
| a3 Injection. Observaetion —
g —— —— .
YPE OF WELL ’ INiTIAL PRODUCTION
" Wall _X Workover Daepening Qi - iy e
QCATION COMPLETION INTERVAL
;"M, KNDX— Twp. ._IZI'.N— Rge. __B.W_.__ Interval(s) e e :
|
ectien MD 1 2L Ya '.4 % Fermation Neme(s) St e
ﬁ from J line from B line WELL TREATMENT
- i 5 1
/ '2‘0 NW‘-— fQ& N Shot qts. interval
Sheot qts. interval
"'-f' TION 523 (KB ] - Acid gals. intervol
- Acid gals. 3 interval
[OTAL DEPTH . FPeocwee . gals, _ interval
lillar's Log 2190 Elsctric Log 219"—1- Frocture _____ ______ gals. interval

CASING RECORD

IPERATIONAL DATES .

6-16-78 6 23 78 Size Depth Sks Cemeni Csg Pulled
d_6-16-7 Completed _0—23— : -
= i 5 5/8 33 30 NONE
'IDOLS
_;Iiury {ini.rval)_D:_ZlB_O___Cublo {interval) ————
OCCURRENCE OF OIL AND GAS
Interval Type of Formation " Remarks

(1s., s5., stc.) {(fll-up, tests, etc,)

5 I/- =
he cbove information iz complete and correct. Signed ,7'(/_..4‘,’(_‘7 W

Bia o e ’7¢5d Title qu/ﬂ/é//w'é%/

 P—— /@é/ et g 4 E 7;4// /,\,4// LAFE3

MPLET FORMATION RECQRD QN REVYERS
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Indiana Department of Conservation

b Jhasg, & Iva .chride AU - .

Jompany H_-; Se.deed ,

= it Now e IH2, e TD. k285 PBTD, e
 Jom— 258.2 1.P. T2:A

ULy
LI

TWP W L

BE s

Loe,

Civil Twp.

Vlashington

Pool ...

WAl D e

Samples Req.

casing
size depth

10 - I

Samipile MO! oo

Top

il ap
Sample

Elec.

W, Franklin lIs.

Prov. ls.

Coal No,

Penn, sd.

Biehl

Mansfield ss.

Up. Kinkaid

Lo. Kinkaid.

Degonia

Clore

Palestine

£L_1530". WL

NL 3L 33_0 .

Rotary....... ‘Cable
Shot Record

Acid Record

Up. Menard

Main Menard

L. Menard

Waltersburg
»

Vienna

Pressures

Producing horizons, depths

"~ marks: (Oil shows, d.s.t., p.b., casing perf.) i

Tar Springs

(Jett)

Up. Glen Dean

Main Glen Dean

Hardinsburg

(Jones)

Golconda

Jackson

Barlow {Beéch Creek)

1298-1737

1350-1142

Cypress

Pt. Creek

Pt. Creek

Bethel-Ben.

kL

Up. Renault

-
L

Renault

1128-

Aux Vases

1477-15¢C

t1]

Ste. Gen.

11531

O’Hara-Rosiclare

Fredonia

McClosky

Date | Activity
Li/5/50 Soud
1,/20/50 Completed

b

St. Louls

Salem

1195165

Carper

Rockford

New Albany

Dev. Is.

»n

n

Silurian

Ordovician

Trenton

St. Peter




Well No. 5

Robert & Hulna Miller No. 1, National Associated Petroleum Co.
TD - 1395’ (1950) (Sec 9, T4N, R8W)
Permit No. 9135

File: c:\wplscepd278.mpt




HTATE OF INDIANA, ) Permit Ho.., CP /]‘L’L y,(ﬁ i
}” WELL PLUGGING AFFIDAVIT T’"'“""t’.:ﬂ::__ AN

Dlll Hond releasad...
%01;;', SO 1.

i ? : beiff first dul)f sworn, do depose and
an) “the fo]]ownng is n tnIB and correct stdfement of the details of the plugging of a certain well drilled for

COUNTT OF, Ll v

Pool (Name) Wildeat. ... .25 o
mhcale 'wlmhcr for oil, gsa water or other purpoaes)

known as the. MM ..... OL'\ Mwo.}...and located as follows:.. eeereeredt, moTth}

S Dmgmﬂmn} 9 D.b.... 4t south; /53”& ensty Lo It weat

of the corner of the Quarter

of the... Quarter of the... cesnreeeeneQuarter of

---------- A NiE Sr.cth D f‘?- ’ Townshlp.........&............... or Sl )

Civil Twp // (‘/,l.nl‘;;l(

County, Indiana.

Derrick Floor.._a-é:é?..g ............ fr.

Ground 15— :1'!- 5’! 2_ —
Total depth of well is.....Z...%. éd it,

Elevation ahove sea level is {

5-W SE Date permit to drill "'-"-"' /'/ v a5 W
Permit issued to /1‘ 3 g l‘? i CLE]
Date drilling beganfdtde (o = 4D
i ; Date drilling complet %-4 /. 3= Lf—a
gy o S Kind of drilling tools usfl.. AAtr]

Date plugging began LIJ - }“l‘ = U

CQ' Date plugging completed 4 4 =47A
Lessor (Farm Owner) miuiﬁm MC Boads.  Address...(Ba M@i
Lessee (Operator) . ﬁ 9 !

______________________________ Address
Drilling Contractor.... £ :

C’J.-. Adl‘lress- -

ILS OF FLUGGING:

From / ?é‘s L To...3.40.0 feet

L o ﬁh" Matorials) s
Kind o[Plug........_‘__._....._.‘_. A gt From 3.60 | (S
Filled with....o...... g3 A TV Ao Brotaosi 2D P B

Kind of Plugm“!f‘ From 3.0 B R
Filled with S From e I To e}

= feet
Kind of Plug ; (r_ o

Filled with

fect

{/ From To. feet
Filled with.............. From To feet
Kind of Plug... From........ To.... feet

IF WORKABLE COAL BEDS WERE ENCOUNTERED IN THIS HOLE, DESCRIBE THE METHOD
EMPLOYED TO PROTECT SAME. (A workable coal bed is thirty inches or more in thickness above 1,000

feet in depth)

Yee Ho -{,_(ﬁ
{1} Have pits, cellar and other excavations been filled?. ... Jizd M’ tu’j Y .f’b/

O
- " S 9 Yes Ne SO £ S byt
2 q ipment, L ! is bee 8
{2) Have equipment, concrete bases and dehbris been remow = 1.3 e .
Yes No
{3) Has surface casing been cut off below plow depth?....... 1B,
. Yer No
{4) Han well-site been levelled Pe v s /m O
If this was a producing well, give date and amount of last production &/‘v{
CASING RECORTY f
PUT IN WELL FULLED QUT LEFT IN WELL
Size Feet Inchea Fest Inches Feet Inches Remarka

ez | 4l A 28 __ -

natw:c lnd tide of paniy nupem-
Address... }? M

Subscribed and sworn ta before me this..../. 4. wetday of ..
My commission explrmWiﬂII7§3 ........ - L
e Notery Public.



STATE OF INDIAKA, Permit No 9 / S‘j_ pg»*‘-"":_.,-"('
} WELL PLUGGING AFFIDAVIT ™™o

S i

COUNTY OF..... A« mer M

Dt Dand r.lemd........._.._ﬂ ...............................
______ ot DT ..

CE) X é’o Wbeing first duly eworn, do depoac and
say the following is a ti? Ej'xd correct statement of the details of the pluggmg of a certain well drilled for

Pool (Name).............. Wildcat.... X oo

cale hether ! g = ner or nlhn purposes)

known as the..| 4 Qﬂ. _and located as [o]lowu:...j_z_ﬁ ...... it. north;
- t ol Designation) ft nouth; ft. east; A.35.0.. it west . -;.:.
of the comer of the....e9. S4d Quarter

e AL Ouscr of e MLE .. Dt o8

------- NW E Section.......J......... Township ‘;/ (North or Sem)

Hnng&...__L._.,._.. (B or West), in..... 3« 1, T

Civil Twp ] : Counly, Indiana.

. i Derrick Floor.aaaaaaasg: it

! EORE A Groung. 9\5755-{!

Total depth of well is 3 7' 4 i

Date permit to drill issued.......
Permit issued tnwmﬁﬂgm [,Pn’—.:&:r__..
Date drilling began S L=l O
i Date drilling completed.... .=, fo.=34 % o
Locate well sccurately on plat of section
Scale ome inch—2,000 f1.) Kiund of drilling tools used...... 4 B
Date plugging began — I l‘l-
Date pluggiog completed.... 8.7 1. [o s 0.
e o e e anl
;%} Addrmi-}q/{Lm

. Addmﬂi.-!!:.i:(.ﬂml}g‘ﬂq_..

ETAILS OF PLUGGING:
Filled with......... AAY..... P 1.3.9 ¢ To

Kind of Plug

Lessor (Farm Owner}...d.
Lessee (Operator) .|
Drilling Contractor.

2

From...........

Filled with . Frops T
Kind of Pg..ooovoorer oo m rgﬁ;}@.x T Lot W
Filled with YPHJ\

Kind of Plug

Filled with

Kind of Plug

IF WORKABLE COAL BEDS WERE FNCdUNTERED IN THIS HOLE, DESCRIBE THE METHOD

EMPLOYED TDE:!:O—;?ET SAME. (A workable coal bed is thirty inches r more tblckgavabovc 1,
feet in depth) 20284 ust) 1227158 6? Au...gm v

Ye:

(1) Have pits, cellar and other excavations been filled?. ...

GI
(2) Have equipment, concrete bases and debris been removed ? a |:]

Yes No
(3) Hae surface casing been cut off below plow depth?........ ?3/ ]

€ No
(4) Has well-site been levelled? N
1 this was a producing well, give date and amount of last production /LQ/V‘{

CASING RECORD i:
PUT IN WELL PULLED QUT LEFT IN WELL

Size Feet Inches Feet Inches Feet Tnches Remarks

JOH 215 D £13

% E
% person, firm or Wtﬁii .......

Per.. ool Xt i ,tﬂ.‘...‘.?.{..t..‘u

Additss, . SR - i .. : T
----------- p ---[Slgnlt e and title of Nﬂfm.i A
Address... j/fn..nﬂtj -.
Subscribed and aworn to before me !.hi.s",.....["(?.,............dny ol......,. Az
it My commission upirmwaﬁg,.f AR
iy - 7 "Notary Public.



ATTACHMENT C

GLOSSARY OF GEOLOGIC TERMS
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ATTACHMENT C
GLOSSARY OF GEOLOGIC TERMS

Anhydrite - A mineral, anhydrous calcium sulfate, CaSO,, commonly massive in evaporite beds.

Alluyium - A general term for deposits resulting from the operations of modern rivers, thus
including the sediments laid down in river beds, flood plains, lakes, fans at the foot of mountain
slopes, and estuaries.

Anticlinal - Incline toward each other.
Arch - An anticline.

Arose - A feldspar-rich, typically coarse-grained sandstone composed of angular to subangular
grains that may be either pooriy or moderately well-sorted, usually derived from the rapid
disintegration of granite or granitic rocks (including high-grade feldspathic gneisses and schists),
and often closely resembling or having the appearance of a granite.

Argillaceous - A rock containing appreciable clay.
Artesian - An adjective refemn_g to ground water confined under hydrostatic pressure.

Aquifer - A body of rock that contains sufficient saturated permeable material to conduct ground
water and to yield economically significant quantities of ground water to wells and springs.

Basin - An extensive depressed area into which the adjacent land drains, and having no surface
outlet.

Bioclastic - Refers to rocks consisting of fragmental organic remains (i.€., sea shells).

Bioherm - A mound or reef-like or otherwise circumscribed mass of rock built up by, and
composed almost exclusively of, the remains of sedentary organisms and enclosed or surrounded
by rock of different lithology: e.g., an organic reef or a nonreef limestone mound.

Breccia - A rock make up of highly angular coarse fragments.

Calcarenite - A limestone or dolomite composed of coral or shell sand or of sand derived from
the erosion of older limestones.

Calcareous - Containing calcium carbonate.

Cambrian - A geologic time p{:riod;

File: c:\wplscepd278.mpt




Friable - Easily crumbled, as would be the case with rock that is poorly cemented.

Geophysical Log - A log obtained by lowering an instrument into a borehole or well and
recording continuously on a meter at the surface some physical property of the rock material
being logged.

Gneiss - A foliated rock formed by regional metamorphism in which bands or lenticles of
granular minerals alternate with bands and lenticles in which minerals having flaky or elongate
prismatic habits predominate.

Glaciation - Alteration of the earth’s solid surface through erosion and deposition of glacier ice.

Glauconite - A green mineral, closely related to the micas and essentially a hydrous potassium
iron silicate.

Hematite - The principal ore of iron.

Interbedded - Occurring between beds, or lying in beds parallel to other beds of a different
material.

Igheou - Formed by solidification from a molten or partially molten state.

Intrusive - Having, while fluid, penetrated into or between other rocks, but solidifying before
reaching the surface.

Isopach Map - A map that shows the thickness of a bed, formation, sill, or other tabular body
throughout a geographic area, based on a variety of types of data; a map that shows the varying
true thickness of a designated stratigraphic unit or group of stratigraphic units by means of
isopachs plotted normal to the bedding or other bounding surface at regular intervals.

Karst - A type of topography that is formed over limestone, dolomite, or gypsum by dissolving
or solution, and that is characterized by closed depressions or sinkholes, caves, and underground
drainage.

Lacustrine - Pertaining to, produced by, or formed in a lake or lakes; e.g. "lacustrine sands”
deposited on the bottom of a lake, or a "lacustrine terrace” formed along the margin of a lake.

Leachate - A solution obtained by leaching; e.g. water that has percolated through soil
containing soluble substances and that contains certain amounts of these substances in solution.

Lithographic - An exceedingiy fine-grained stone.

File: e:\wp\scepd278.mt




Stromatolite - Laminated but otherwise structureless calcareous objects; commonly called fossil
calcareous algae.

Subsidence - A sinking of a large part of earth’s crust.

Syncline - A fold in rocks in which the strata dip inward from both sides toward the axis.
TDS - Total Dissolved Solids.

Terrigenous - Produced from or of the earth.

Transgression - Gradual expansion of a shallow sea resulting in the progressive submergence of
land, as when sea level rises or land subsides.

Truncate - To cut the top or end from; to terminate abruptly as if cut or broken off.

USDW - Underground Source of Drinking Water having less than 10,000 mg/1 of total dissolved
solids.

Unconformity - A surface of erosion or nondeposition, usually the former that separates younger
strata from older rocks.

Vug - A cavity, often with evenly sloping sides, is often called V-shaped and the V is narrow
or broad according to the amount of wasting which has taken place.

Sources:
Dictionary of Geologic Terms, Anchor Press, Doubleday, Garden City, New York,
1974.
Glossary of Geology, American Geological Institute, Falls Church, Virginia, 1974.
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Appendix B

AOR Test Hole Completion Logs and Plugging Affidavits



Appendix B

AOR Abandoned, Plugged and Dry Holes

’ Location
IGS ID T“t“f' Dtept" I',I - "’"t‘ia' (Township, Range, and
( ee )__ i Section or Military Donation) |
123076 1965 Salem 4N, OW, Donation 121 |
123057 407 Pennsylvanian 4N, 9W, Donation 144
123082 1719 St. Louis 4N, OW, 10
150125 1465 St. Genevieve 4N, 9W, Donation 1
123067 1595 St. Louis 4N, 9W, Donation 1
123083 1570 St. Louis 4N, 9W, 11
150123 900 Pennsylvanian . 4N, 9W, 2
150124 340 Pennsylvanian 4N, 9W, 2
123052 407 Pennsylvanian 4N, 8W, Donation 231
123053 181 Pennsylvanian 4N, 8W, Donation 231




Well History Report - Indiana Geological Survey, Petroleum Database Management System /
(PDMS)

Reogord fasl ModiDed: D905320

1GS 1B 123076 At depihs qisd distances ave i feet excepi UTMs{meters)

Milttary 2onation 120-4M-9W - 1530 NEL 330 SEL LITM-X: 407582 Completion

dry hole Pasted T1: 1965 Elevation: 362 LMY 4291020 Spotting Method: Impored
Knox, N Bicknct] Field Check: Checked

il —
Permit No  Permit Date  Comp. Date  Status TD TD Formation Number Operator Lease  Helease Date r
8420 042001950 dry hole 1965 Salem 1 Reed MeBride ]

Samples: Sample Int.: 100-1900 ; BoxNumber: 3962 ; Lithologic Strip — |

FPlease refer to the PDMS at the Indiana Ceological Survey website for important information regarding data reliability and diselaimers.

http://igs.indiana.edu/pdms/Query/livents/WellHistoryReport.cfm?1GSID=123076 8/14/2G08
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Well History Report - Indiana Geological Survey, Petroleum Database Management System

(PDMS)

Al depihs and disiances e in feet except UTMs(merers] Record Last Modified: 090320

IGE ID: 123657

Iilitary Donation -4 N-2W - 450 SWL 2050 ST WX 467714 Campletion

dry hole Pasted TI: 407 Elevation: 312 LM% 4291810 Spoting Method: Imported
Knox, TN Bicknell Feld Check: Checked
Lvent: 1 R U U
Permit No  Permit Date  Comp. Date  Status  TD TD Foermatien Number Operator Lease Release Date

011441974 dry hole 407 Pennsylvanian 1 Dikor Bery

0

Please refer fo the PIDME ot the Tndiona Geologival Swrvey wibsite for important tnforivation regarding data relfabilite ond disclabmers.

hitp://igs.indiana.edu/pdms/Query/HEvents/WellHistoryReport.cfm?1GSID - 123057 8/14/2008
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Well History Report - Indiana Geological Survey, Petroleum Database Management System

(PDMS)

1GS 1D: 123082

All depths emd distances are in feel except UTMs(meters)

Section -4 M-9W - 1760 51, 310 WL UTM-X: 465541
dry hole Posled T1x 1719 Tlevation: 472 UTM-Y: 4293636
Enox, TN

Oaktown
location distance 15 given from WL of Survey 41; pub. 108

Hyent: |

Record Last Modified: 09/05/2002

Completion

Spotting Method: Measured

Field Check

- Checked

Permit No  Permit Date  Comp. Date  Status T TD Formation
0 12/22/1921 dry hole 1719 St Louis 2

Number  Operator
Zlzehouse

Lease Release Date

Richey

Please refer io the PDMS at the Indiaia Geological Survey website for important information regarding daia relinbility and discluimers.

http:/figs.indiana.eduw/pdms/Query/Events/ WellHistoryReport.cfm7IGSID=123082

8/14/2008
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Well History Report - Indiana Geological Survey, Petroleum Database Management System

(PDMS)
IGS IBD: 150125 All depihs and distances ave in feet except UTMs(meters)

Survey -4 W-9W - 400 51 1070 WL UTM-X: 465939
dry hole Posted TTY. 1463 IMevation: 473 LTM-Y: 4293720
Knox , IN Crakiown

compl. year uncertain; 11> & T0 fm uncertain

DR L T S

Record Last Modified: 09/03/2003

Cempletion
Spotting Method: Tinparted
tield Cheek: Checked

Event: 1
Permit No  Permit Date  Comp.Date  Status TD TD Fermation Number Operator ILease Release Date
(1] 01/01/1912 dry hole 1465 BSle. Genevieve 1 Alzchouse Richey

Please refer to the PDMS at the Indiana Geological Survey website for important information regarding data reliability and disclaimers.

hitp://igs.indiana.edw/pdms/Query/livents/ WellHistoryReport.cfm?IGSID=1501235 8/14/2008



Well History Report - Indiana Geological Survey, Petroleum Database Management System 5
(PDMS)

1GSID: 123067 AW depths and distances ave in feet exeept UTMs(merers) Record Last Modified: 09/03/2003

Swrvey -4 N-9W - 330 5L 800 WL LITM-X: 465864 Completion

dry hole Posted TT): 1595 Elevation: 481 LITM-Y: 42937240 Spotling Method: Imported

Knex, 1N

T form uncertain.

Event: |

Craklown

Field Check: Checked

Permit Ne  Permit Date  Comp. Date
3023 12/22/1949

Status TD  TD Formation Number Operator
dry hole 1595 St Louis 1 hessmer

Lease Release Date

Gognat

Plzase refer to the PDMS at the Indiana Ueclogical Survay website for fmportant information regarding duda reliability and disclainers.

http://igs.indiana.edu/pdms/Query/Events/WellHistoryReport.cfm?1GSID-123067

8/14/2008



Well History Report - Indiana Geological Survey, Petrolewm Database Management System (0
(PDMS)

IGS ID: 123083 Al depthy and distances ave i feet except UTMs{meiers) Record Last Modified: 09/05/
Section 11-4 N-9W SE-5W-NW 330 51 250 EL LITM-X: 466415 Completion

dry hole Posted TD:. 1570 Clevation: 493 UTM-Y: 4294060 Spolting Method: Imported
Knox , IN Ouklown Field Check: Checked

Eveat: 1 I : :
Permit No  Permit Date  Comp. Date  Status TD TD Formation  Number Operator  Lease Release Date ‘
7915 12/15/1949 dryhole 1570 St Louis 1 Messmer Oll  Cumming |

Fleaye vefir to the PIDMS of the Indiana Ceological Survey website for important inforsation regerding date reliability and disclainers,

http://igs.indiana.edw/pdms/Query/Events/WellHistoryReport.cfm?IGSID=123083 8/14/2008



Well History Report - Indiana Geological Survey, Petroleum Database Management Systemn '7
(PDMS)

Record Last Modilied: 09/05/

IGS ID: 150123 Al depiis and distanees are in feet excepr Ui Msimeters)

Section 2-4N-9W NW-SE-NW 60 NL 160 WL UTM-X: 166492 Cempletion

dry hole Posted TD: 900 Elevation: 470 UTM-Y: 4295930 Spotiing Method: Imporied
Oaktown Field Check: Checked

Knox, IN

Event:?

Lease Release Date
Shot Point Services il

692 12/05/1984 dry hole 900 Pennsylvanian 15

Please refor fo the POMS af the fudiana Gealogical Swvey website for important tfarmerion regording dota reliahility ond diselainers,

http://igs.indiana.edu/pdms/Query/Events/ Welll listoryReport.cim?7IGSID=150123 8/14/2008



Well History Report - Indiana Geological Survey, Petroleum Database Management System ¢
(PDMS)

IGS ID: 150124

Al deprhs and distonces are in jeet except LT Msimeters) Record Last Modilied: 09/0572043

Seeuon 2-4N-9W NW-SE-NW o6 0 UTM-X: 466161 Completion

dry hole Posted TD: 340 UT-Y: 4295930 Spotting Method: Imported

Knox , 1IN h Oalctown Field Check: Checked or Reviewad
L oS SIS MRS EEA—. _ _ —
Permit No  Permit Date  Comp. Date  Status TD TD Formation  Number Operator Lease Releasc Date
692 12/12/1984 dry hole 340 Pennsylvanian 15CHI Shol Point Services Hill _I

ease refer io the ME at the mdiona Ceological Swrves website for important information regdrding data reliabilfity and diselaimers.
P sfer 10 the PDME af the Ind, Clenlagical Survey website fi porten informar secrding date reliabilit idisel

http://igs.indiana.edu/pdms/Query/Events/WellHistoryReport.cfm?1GSID=150124 8/14/2008
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Well History Report - Indiana Geological Survey, Petroleum Database Management System CT
(PDMS)

Record 1ast Modilied: 0903/20

1IGS 1D: 123052 All depths and distances are in feet except UT Ms(melers)

Military Danation 230-4 M-8 W 2078 MWL 720 SWL WUTM-X: 469957 Complelion

dry hole Posted TD: 407 Tlevation: 335 UTM-Y: 4293712 Spotting kethod: Measured
Kinox . IN Bickneil Field Check: Checked

pray- be many wells with same nuinbar,
Event: 1

Permit Noe  PermitDate  Comp. Date  Status TD 'TD Formation Number Operator Lease  Release Date
34567 CST 01/05/1974 diy hole 407 Pennsylvanian 1 Likor Worland

T Please refer o the PDMS ot the Indiena Geological Survey website for importan! informetion regarding data reliahility and disclaimers,

hitp://igs.indiana.edu/pdms/Query/Events/WellHistoryReport.cfm?1GSID=123052 &/14/2008
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Well History Report - Indiana Geological Survey, Petroleum Database Management System f 0O
-3

(PDMS)

Record Last Modified: 0905520

S 1D 123053 All depths and distances ave in foer except U Ms(meters)

Military Donation 23T-4MN-8W - 2178 NWIL T30 SWL LT 469960 Completion

dry hole Posted T 181 Llevalion: 332 UTM-Y: 4293714 Spotting FMethod: Measured
Knox , IN Bicknell Field Check: Checkad

may be many wells with same munber,

Event: 1

Permit No  Permit Date Comp. Date  Status TD TD Fermation Number Operator Lease  Release Date
34567 C5T 01/15/1974 dry hole 181 Pennsylvanian 2 Dikor Warland

Please refer to the PDMS at ihe Indiana Geological Swurvey website for important tnformation regarding daia refiahility ond disclaimers.

Fon
o]

htip://igs.indiana.edu/pdms/Query/Events/WellHistoryReport.cfm?1GSID=123053 8/14/2008



Appendix C

Specification Sheets
Packer, Tubing and Corrosion Inhibitor Fluid



Product Information | o -

Application

The AD-1 Tension Packer is a retrievable, tension-set packer that holds
high pressure from below in applications where a sei-down packer is
not suitable. Used primarily as a waterflood packer, it is also used for
other pressurizing applications such as low fluid level or shallow
acidizing or fracturing.

AD-1 Tension Packer COMPLETION

The ADL-1 model is a large bore version of the AD-1 packer. The
larger packer bore allows wireline tools io pass through and higher
injection rates.

Features and Benefits

« Compact size.

» Field-proven slip design has been used in thousands of wells.
+ Packer bore is larger than tubing drift diameter.

* Larger packer bore allows easy passage of wireline tools and
higher injection rates.

« J-Latch control provides trouble-free setting and retrieving.

+ Shear or right-hand emergency releases for difficult retrievals.

* Run in the well to the desired setting depth (the last movement
must be downward).

« Rotate the tubing 1/4 turn to the left ai the tool.
«  Pick up a maximum of 5,000 Ibs (2,268 kg) to obtain pack off.

= To release, lower the tubing 1 ft more than is necessary to relieve
the tension and rotate the tubing to the right 1/4 turn at tool.

AD-1 Tension Packer

37| BJ SERVICES COMPANY



AD-1 Tension Packer

Product Information

Specifications
Casing Packer
Ca(i)sgg Weight RangTsDo(fir?}asing Size (in) o %L;:]dga Std Thread Specs.
(in) Ibs (kg) iy | (Max) ID (in) | OD (in) | Box Up & Pin Down (in)

5 | 15-18(6.88.2) | 4.161 | 4408 | 438 197 | 4125 | 23%ODEUBRD |
11.5-15 (5.2-6.8) 4.408 | 4.560 43C 4250

5% | 225(102) 4950 | 5190 | 458 197 | 4781 | 23sODEUBRD

656 | 24 (10.9) 5.830 | 5.921 47A2 242 | 5656 | 27/8ODEUSRD
17-20 (7.7-9.1) 5922 | 6.135 A7A4 5812

“ 7555 | 33.7-39 (16.3-17.7) | 6539 | 6.765 47Ch | 242 | 6453 | 2756ODEUBRD
24-29.7 (10.9-135) | 6.766 | 4.025 4702 6.672
20-24 (9.1-10.9) 7.025 | 7.125 4704 6.812

95/s 47-53.5 (21.3- 24.3) 300 | 8.681 51A2 4.00 412 0D 8 RD LG CSG
40-47 (18.1-21.3) 8.681 | 8.835 51A4
29 3-36 (13.3- 16 3) 8.836 | 9.063 51B i
51 | 1317(597.7) | 4876 | 5044 ['45Bx200ADL-1 | 2.90 | 4750 | 3120DEUSRD .
6 23—26 (10.4- 11 8) 5.140 | 5.240 45(',‘ X 2 90 ADL~1 2.90 31/20DEU8RD
18-20 (8.2-9.1) 5.241 | 5.424 | 45D x2.90ADL-1
Tha abovs leatures andlor dala arz supplied solely far ivkrmational puranses and B Services Gomgany makes na e, eithier o irpliod, with respect o Iheir accuracy or use, All product wamanties and guatontens shal

b governed by tha BJ Servicez Company slsndard at lhe bme of sale ar delivery of servce, Actusl product perarmanca or avallabi[}l degands an tha timing and Jacaten of the job, the fyze of jo3 and the parlicular characteristios of anch job, This
doeyient is conbrolled by the relererce dala. lo ensura lhal s is lha cwrant versan, please reference e Services section of lhe B Services Wabsite (www bjsarvices,com) o ask your B representalive,

3/12/03 L,_’j BJ SERVICES COMPANY



Duoline Technologies - Your Best Choice For Beating The High Cost Of Corrosionft154 Page 1 of 4

Duoiine Products

A

% Company Infarmalion
9 Technical Support

Quotes & Inguiries

-

¢ Online Library/Resources
& Duoiine Case Sludies

® Pipeline Club Members | Duoline Pipeline Club

| Join Duoline.com to receive praduct
updates and gaininstant access fo
helpful information

L~

Duoline Employment Opportunities

team how to join our team.
up-to-date employment listings for
Duoline Technologles locations.

-]

Enter Keyword, Term or Phrase To Search Qur Site:

Requesi Questlons?
I Literature Online | Contact Us

Duoline APl And Premium Connection Comparison
Duoline technical illustration

View the Duoline illustration to the right for overview of API
and Premium Conneclions.

The workhorse of the DUOLINE® lining systems.
DUOLINE® 20, developed by Duoline Technologies in
1971, is targeted for more demanding corrosive downhole
environments. The DUOLINE® 20 system has a proven
track record in a great number of demanding environments
including water injection, CO, injection, gas production, gas-
lifted oil production and chemical disposal wells, onshore
and offshore. DUOLINE® 20 has an outstanding
performance history in environments containing produced
fluids and gasses with CO, and H,S. DUOLINE® 20 has
successfully prevented corrosion in gas production wells

= 1

Duoline API And Premium Connection
Comparison - JPG

with BHT as high as 292°F (144°C), and is typically used in '"_.QQ ’0 ) c/
water injection and gas production service up to 250°F 5 & 8€
(121°C).

The DUOLINE® 20 liner is fabricated exclusively by Duoline 5

Technologies. The liner is a GRE composite (glass
reinforced epoxy resin system) manufactured with a
filament winding and high temperature cure process. The
only fiberglass-epoxy lining system in the marketplace today
with over 33 years of accumulated field history. Duoline
Technologies and DUOLINE® 20 have pioneered the trend
for fiberglass-liner acceptance around the world.
DUOLINE® 20 is manufactured and available in a number
of international locations.

DUOLINE® 20 has proven to be the most abrasion resistant
coating or lining product in downhole wireline trials in
deviated wells. It is acid compatible, impact resistant,
resistant to gas service failures common to other coatings

16 -PVC__

hito:/fwww.duoline.com/ContentGather.cfm?sublinkid=67&articleid=154&navid=2 9/25/2008



Duoline Technologies - Your Best Choice For Beating The High Cost Of Corrosion#154 Page 3 of 4

Duoline APl Size Chart and Diagram

Duoline "DL-Ring"
A unique corrosion barrier system enabling placement of
GRE internal liners inside any shoulder-to-shoulder premium
thread without the need for a special coupling!
THE CHALLENGE:
To provide superior internal corrosion protection using a
Glass-Reinforced-Epoxy (GRE) lining system with any
unmodified free-issue premium threaded tubing or casing.

THE SOLUTION: IN TWO EFFECTIVE STEPS:

1. Use DUOLINE® from Duoline Technologies: a premium
internal corrosion resistant lining system for oilfield steel
tubing and line pipe. DUOLINE® is proven to be wireline
abrasion and chemically corrosion resistant in both
controlled laboratory testing and through successful
performance in more than 75,000,000 feet of downhole
application.

2. Use Duoline Technologies new DL-RING patent pending
connection technology that permits the lining system to
accommodate any proprietary Premium Connection.

HOW DOES THE DL-RING WORK?

Two DL-flares place the DL-CBR in compression during
field make-up.

The unigue concept and material composition has been
used extensively and successfully in downhole completions
with DUCLINE® tubing in numerous other 'FGL' versions of
unmodified premium and AP connections.

Click Here To Download|
»=>View

DL-Ring + Premium Connection [PDF slip
sheet]

=p>View

Duoline 10-PE
(TEMPERATURE: UP TO 160°F)

DUOLINE® 10-PE, is a lining system which utilizes a heavy
wall high density polyethylene liner and is targeted for use
in specific applications for reduction of tubing corresion in
low temperature & low pressure environmenis.

DUQLINE® 10-PE is especially suited for shallow water
injection well tubing where corrosive water is injected and
performs within a temperature range of -20°F + 160°F.

DUOLINE® 10 BEATING THE HIGH COST OF
CORROSION

DUOLINE®10 is part of the unique Duoline process of
inserting liner tubes into steel pipe and filling the annular

Duoline 10-PE product

Download Dusline 10-PE PDFI

=== View

hite://www.duoline.com/ContentGather.cfm?sublinkid=67 &articleid=154 &navid=2 9/25/2008
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API Connection

DUOLINE 10-PE

(TEMPERATURE: UP TO 160°F)

DUOLINE® 10-PE, is a lining system which utilizes a heavy wall
high density polyethylene liner and is targeted for use in specific
applications for reduction of tubing corrosion in low temperature &
ow pressufe enVironmentS.

DUOLINE® 10-PE is especially suited for shallow water injection

well tubing where corrosive water is injected and performs within a
temperature range of -20°F + 160°F.

Polyethylene
Liner
Mortar DUOLINE® ]0
BEATING THE HIGH COST
OF CORROSION
DUOLINE® 10 is part of the unique Duoline process
of inserting liner tubes into steel pipe and filling the
Rabiriica annular space with a special cement applied with
Bond ressure. Ends are flared back so that both ends are
at and can be protected in the collar. Thus, the
) interior of the pipe is essentially inert to common
Corrosion acids and corrosive fluids.
Barrier
Ring DUOLINE® 10 also provides reliable joint protection.
Duoline The lining is positioned on the pin and coﬁcr end of
Technologies® threaded pipe so that the collar is profected from
E‘;:Ei'::; dMem corrosion when corrosion barrier rings are used.
Elasiomer Smoothness is ensured by the fact that the interior of

Corrosion Barrier
Rings For API

Connections.

the liner is unaltered during the lining process, thereby
retaining the “C” factor of 150.

DUOLINE 10-PE Liner Dimensions & Weights

Pipe Size PE Liner PE Liner PE Liner PE Liner
and Inside Diometer ~ Woll Thickness  Recommended Drift | Nominol Weight
weight/foot  Nominal, Inches  Nominol, Inches Diometer, Inches s /foot
2.7/8" 6.5 ppf 2080 0.3 1875 050
31/2° 93 ppt 2600° 0.150° 2375 0.80

) '® ® 9019 North County Road West  Phone: 432.552.9700
i Ddessa, TX 79764 Fax: 432.552.9701
TECHNOLOGIES

(IECHNOLOGIES  www duoline com



CONNECTION OPTIONS
OVERVJEW CONTINUED

Benoit-BTS-FGL

* An |J “2-step” tubing thread variaticn of the Benoit
thread family

* Has been used in 2-1/16" through 4-1/2" pipe sizes

Nippon Steel NSCT-FGL & NSCC-FGL
variations of the Nippon thread family

* Used in demanding onshore & offshore deep
injection and producing wells.

* Has been used in 3-1/2" through 7" pipe sizes

Buttress Casing with Corrosion Barrier
Ring & Duoline® 20

* Hos been used in 4-1/2" through 9-5/8" sizes

* Used in applications where standard APl Connections

will not suffice and High Proprietary Connections are
not feasible

* Accommodates “free -issue” unmodified threads and
coup|ing

R

IS0 9001:2000
TRC 00344

b ® ® 9019 North County Road West  Phone: 432.552.9700
' ~ Odessn, TX 79764 Fax: 432.552.9701
‘TECHNO

OGIES! vy duoline. com
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BL-RNG DUOLNE

TECHNOLOGIES|

NEED OBJECTIVE PROOF OF PERFORMANCE?
HERE IT IS:

independent laboratory testing — combined stress loading on
internally lined 5-1/2" 17 ppf VAM TOP L80 pup joints — proves
that DL-RING™ coupled with DUOLINE® internal lining is, “Fit for
Purpose.”

Specifically:

The lined casing joints were exposed to simulianeous combined
bend cycling, tension/compression cycling, pressure and
temperature cycling. These stress-loading steps were intended to
represent loading in well conditions. Loads were based on specified
test requirements and were limited to 95% of specified minimum
material yield strength (SMYS) von- Mises equivalent (VME)
combined load boundary limit. Tension loads were applied up to
60% of SMYS followed by compression loading up to 40% rating
plus pressure application up to 7500 psig, then back to tension
loading with a final rapid pressure release at 200 psi/minute.
Concurrently the pipe was bent at plus and minus 10°/hundred
foot radius and heated to 110° C {230° F) while sustaining
pressures up to 7500 psig.

The independentily verified results?

Absolutely no domage or adverse affects to the DUOLINE® lining
system or DL-RING™ components.
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BL-RING

...another great %
corrosion fighter from B ®

THI D34S

UuoIiso.li10d

b ) @ 9019 Norh County Rood Wesi ~ Phone: 432.552.9700
(dassa, TX 79764 Fax: 432.552.9701
TECHNOLOGIES
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Appendix D

Water Quality Sampling Data



Appendix D
Water Quality Sampling Data
Depth to Water Readings during Pumping Tests for
Groundwater Sample Collection

Depth of Sample | Sample GPM Pumping vs.| Time of Depth to Conductivity| Temperature
Collected (feet) Date Recharge | Reading | Groundwater (feet)| (mS/cm) (°C)
475 foot depth | 9/22/2008 15 Pumping 9:30 0.00 g 198

15 10:14 133.40 - -
15 10:15 132.70 - -
15 10:16 132.20 - -
15 10:17 131.35 - -
15 10:18 130.90 - -
15 10:19 130.35 - -
15 10:20 129.90 - -
15 10:21 129.30 - -
15 10:22 128.90 - -
15 10:23 128.45 - -
15 10:49 138.90 - -
16 10:50 138.20 - -
15 10:51 137.20 -

15 10:62 136.60 - -
15 10:563 136.20 - -
15 10:54 135.60 - -
15 10:55 135.00 - -
15 10:56 134.60 - -
15 10:57 134.10 - -
15 10:58 133.60 - -
15 11:03 137.80 - -
15 11:04 137.40 - -
15 11:05 137.00 - -
15 11:06 136.60 - =
15 11.07 136.30 - -
156 11:08 135.50 - -
15 11:09 134.90 - -
15 11:10 134.50 - -
15 11:11 134.10 - -
15 11:12 133.60 - -

1,530 Gallons | Pump Off

0 Recharge 11:14 139.50 E -
0 11:19 136.10 - -
0 11:24 133.60 - -
0 11:29 131.60 - =
0 11:34 128.50 -

0 11:37 138.70 - -
0 11:45 135.10 - -

" unable to properly calibrate field water

Facilty\Permit Revisions'Appendi

S:\Scepter InciDeliy \
Page 10of 3 Appendix D_GW Quality Tables, xls



Appendix D
Water Quality Sampling Data
Depth to Water Readings during Pumping Tests for
Groundwater Sample Collection

Depth of Sample | Sample GPM Pumping vs.| Time of Depth to Conductivity| Temperature
Collected (feet) Date Recharge | Reading | Groundwater (feet} | (mSicm) (°C)
784 foot depth 9/25/2008 10 Pumping 310 - 2.41 21.9

10 3:30 - 0.67 -
10 3:45 - 0.97 -
10 3:47 - 1.13 -
10 3:52 199.00 - -
10 3:53 184.40 - -
10 3:54 180.00 - -
10 3:55 176.00 - -
10 3:56 172.20 - -
10 3:57 168.00 - -
10 3:58 162.30 - -
10 359 158.10 - -
10 4.00 156.30 -

10 40 154.00 - -
10 4156 - 2.12 -
10 4:08 - 2.1 -
10 4:11 - 2.2 -
10 4:14 B 2.33 -
10 4:19 - 29 -
10 4:21 - 3.14 -
10 4:24 - 3.85 -
10 4:27 - 4.6 B
10 4:30 - 566 -
10 4:33 - 6.38 -
10 4:35 - 7.31 -
10 4:37 - 8.87 -
10 4:39 - 9.79 -
10 4:42 - 8.81 -
10 4:44 = 8.82 -
10 4:46 - 9.92 -
10 4:48 - 10.42 -
10 4:50 - 11.7 -
10 4:52 - 12.24 -
10 4:54 - 12.86 -
10 4:56 - 13.5 -
10 4:59 - 13.25 -
10 5:02 - 14.21 -
10 5:04 - 14.58 -

1,140 Gallons | Pump Off
0 Recharge 5:49 132.00 - -
0 5:52 131.00 - -
0 5:55 130.00 - -
0 5:58 129.00 - -
0 6:02 128.00 - -
0 6:06 127.00 - -
0 6:09 127.00 - -
0 6:11 126.00 - -
0 6:13 126.00 - -
0 6:15 125.00 - -
0 6:18 125.00 B E
Page 2 Uf 3 5 pter Inc\Deli | Facilty'Pemil Revisions\Appendices\

Appendix D_GW Quality Tables xis



Appendix D
Water Quality Sampling Data
Depth to Water Readings during Pumping Tests for
Groundwater Sample Collection

Depth of Sample | Sample GPM Pumping vs.| Time of Depth to Conductivity] Temperature
Collected (feet) Date Recharge | Reading | Groundwater (feet) {mSicm) (°C)
1034 foot depth | 9/28/2008 20 Pumping 8.57 - - 21.8

20 9:.00 - 1.15 -
20 910 - 1.13 -
20 915 - 1.13 -
20 9:20 - 1.12 -
20 9:30 B 1.19 -
20 9:.40 - 1.9 -
20 9:50 - A47 &
20 10:00 - 57 %
20 10:10 - 10.4 -
20 10:20 - 12.04 -
20 10:30 - 13.02 -
20 10:40 - 13.72 -
20 10:50 - 14.4 -
20 11:00 - 14.41 -
20 11:10 - 14,81 -
20 11:20 - 14.98 -
2,860 Gallons | Pump Off -
0 Recharge 11:47 164.00 - -
0 11:54 162.00 = &
0 11:56 162.00 - 4
0 12:00 162.00 - %
0 12:04 162.00 - -
0 12:08 162.00 o %
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Geotechnical Laboratory Report



BOWSER-MORNER, INC.

- Delivery Address: 4518 Taylorsville Road * Dayton, Ohio 45424 Mailing Address: P. O. Box 51 « Dayton, Chio 45401
' AASHTO/ISO 17025 Accredited

LABORATORY REPORT
Report To:  URS Corporation Date: December 22, 2008
Attn: Margaret Gilliland Report No. 411533
One Indiana Square, Suite 2100 ' W.0. No. 146087
Indianapolis, IN 46204 No. of Pages: 7

Report On: Laboratory Analysis of Four Rock Core Specimens

On November 26, 2008, four intervals of rock cote were submitted for 1abofétory analysis.
. Specimens for permeability arid density wete cut from each interval using a diamond abrasion sail_\r. -

~ Testing was perfonned as speciﬁed by the client and in accordance with the following procedures:

ASTM D 854, "Speczﬁc Gravity of Soils",

" ASTM D 5084, "Measutement of Hydraulic Conducthty of Saturated Porous Materlals g
Using a Flexible Wall Parameter": .

EM-& 110-2-1906, "Unit Weight, Void Ratio, Porosr[y_ and Degree of Saturation (Appendix I1)".
Results are summarized in Table I of the following page and detailed on the attached data sheets.

ShoLﬂ.t.i you have any questidn's'.,' or if we may be of further s‘ewice,"pléase contact me at
(937) 236-8805 extension 322. ' '

Respectfully submitted,
' BOWSER-MORNER, INC.
KAF/kaf
411533 : :
1-Client - Karl A. Fletcher, Assistant Manager
1-File _ Construction Materials and
1-Fax Geotechnical Laboratories
1-email

All Reports Remain The Confidential Property Of BOWSER-MORNER And No Publication Or Distribution Gf Reports May Be Made Withoist Our Express Writien Consent,
Except As Authorized By Contract. Results Contained In This Report Are Reflective Only of The ltems Calibrated or Tested, Unless Otherwise Agreed, Samples Or Specimens

Will Be Discarded Or Returned At Bowser-Momer’s Discretion. AASHTO/ISO 17025 Accreditation applies only to ihe parameters mcfuded in BOWSER-MORNER'S current
seope of accreditation. Go to www.bowser-nmomer.com/accrediiations for reviews.




W. 0. No. 146087

Report No. 411533
December 22; 2008
Page 2

Bicknell,

Nowvenber 2008

Scepter Inc.; Core Data Results

Indiana Facility

URS Coc;p()raltion

Table [ - Summary of Results

Test Parameter 1543" — 1545 1668'— 1670 2016'-2018' 2044 — 2046’
As Received Moisture Content, %: 0.2 0.1 0.7 1.7
Wet Unit Weight, pef: 166.4 167.2 __151.8 151.9
Dry Unit Weight, pcf: 166.1 167.0 150.7 1494 |
Specific Gravity: 2.71 2.74 2.69 2.70
Vaid Ratio: 0.0184 0.0232 0.1139 0.1282
Volume Total (V), cm’ 196.5 196.6 195.9 197.3
Volume of Solids (Vy), cm’; 193.0 192.2 175.9 1748
Volume of Voids (V,), em”: 3.5 4.4 20.0 22.5
Porosity (n}), %o: .8 2.3 10.2 11.4
Degree of Saturation, %: 34.90 8.5 16.8 35.4
Volume of Voids, % L8 2.3 10.2 11.4
Volume of Water, % 0.6 0.2 1.7 4.0
Volume of Solids, % 98.2 97.7 89.8 88.6
Air Filled Voids, % 66.0 91.5 83.2 64.6
Water Filled Voids, % 34.0 8.5 16.8 354
Permeability, cm/sec.: 5.1x 107" 6.2 % 107" 4.9 x107 9.7 x 1677




W.0.No.. .47
Report No. 411533
December 22, 2008
Page 3

URS Corporation

Table 11 — Detailed Sample Description

Sample Description

Limestone — brown, very fine grain, microcrystalline cement, slightly dolomitic, most

 grains of indeterminate origin, trace foss:ls observed, trace pyrltc. Rocl is dense Wlth no
| observed pore development.

.| Limestone — brown, fine to very fine grain, trace very coarse, microcrystalline cement,

grains are finely broken fossils with large coral fossils replaced by chert. Rock is dense

| with no observed pore development.

‘Limestone — gray, medium to coarse grain, microcrystalline cement, grains are ooids and

fossils. Poorly developed intergranular porosity. Trace secondary calcite in pores.

Interval Depth
1543" - 1545
1668' — 1670
2016' — 2018
2044' - 2046'

Limestone — gray, fine to coarse grain, microcrystalline cement, grains are superficial

‘0oids and fossils. Moderately well developed intergranular porosity. Secondary calcite

crystals and/or gypsum filling some pores,




FALLING HEAD PERMEABILITY TEST
ASTM D 5084, Measurement of Hydraulic Conductivity

UNDISTURBED
Client: URS Corporation
Project: ' . Rock Core Analysis
BMI Work Order Number: 146087
Date: - December 22, 2008
Sample Identification: Rock Core
Depth, ft: ' 1543-1545
Material Description: _ Limestone *
SPECIMEN DATA:
Dimension, inches -
Height: 2.479
Diameter: - 2482
Mass, Ibs: - 1.155
Moisture Content,% :
Initial: ; 0.2
Final:- 0.5
Wet Unit Weight, pcf -
Initial: 166.4
Final: 166.9
Initial Dry Unit Weight, pcf: 166.1
Back Pressure Saturation, psi
Back Pressure, Exit: 60
Back Pressure, Enter: 63
Lateral Pressure: 67
Permeability (k), cm/sec: 5.1x 107

*See attached sheet for detailed description.




FALLING HEAD PERMEABILITY TEST
ASTM D 5084, Measurement of Hydraulic Conductivity

UNDISTURBED
Client: URS Corporation
Project: Rock Core Analysis

BMI Work Order Number:
Date: |

Sample ldentification:
‘Depth, ft:

Material Descript.ion:

SPECIMEN DATA:

Dimens_ion, inches
Height:
Diameter:

Mass, 'Ibs_:

Moisture Content,%
Initial:
Final:

. Wet Unit Weight, pcf
Initial:
Final;

Initial Dry Unit Weight, pcf:
Back Pressure Saturation, psi
. Back Pressure, Exit:

Back Pressure, Enter:
Lateral Pressure:

Perrﬁeability (k‘),_ cmisec:

*See attached sheet for detailed description.

146087

December 22, 2008
Rock Core
(1668-1670)

Limestone *

2.478
2.483

1.161

0.1
0.6

167.2

168.0

167.0
90

93
97

6.2 x 107°




FALLING HEAD PERMEABILITY TEST

ASTM D 5084, Measurement of Hydraulic Conductivity

Client:

Project:

BMI Work Order Number:
Date:

Sample Identiﬁcat_ion:
Depth, ft;

Material Description:

SPECIMEN DATA:

Dimension, inches.
Height:
Diameter:

Mass, ibs:-

Moisture Content,%
Initial:
Final:

Wet Unit Weight, pcf
Initial;
Final:

Initial Dry Unit Weight, pcf:

Back Pressure Saturat_ion, psi

Back Pressure, Exit:

Back Pressure, Enter:

Lateral Pressure:

Permeability (k), cmisec:

*See attached sheet for detailed description.

UNDISTURBED

URS Corporation
Rock Core Analysis
146087

December 22, 2008

Rock Core

{2016-2018)

Limestone *

2.473
2.481

1.050

0.7
3.9

151.8

156.6

150.7
80

83
87

4.9 x107
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Appendix H

Copy of Bore Hole Geophysical Logs



Appendix [

Area of Influence (AOI)
Pumping Rate vs. Distance
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Figure 3 -- Contours of 1 psi for rate of 1 gpm for various periods of injection.
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Figure 4 -- Contours of 1 psi for rate of 2 gpm for various periods of injection.
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Figure 5 -- Contours of 1 psi for rate of 5§ gpm for various periods of injection.
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Figure 6 -- Contours of 1 psi for rate of 10 gpm for various periods of injection.
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Figure 7 -- Contours of 1 psi for rate of 20 gpm for various periods of injection.




Appendix J

Site Photographs
(Drilling and Testing)
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